Odontoid fractures account for 5% to 15% of all cervical spine injuries and 1% to 2% of all spine fractures. Type II fractures are the most common fracture pattern in elderly patients. Treatment (rigid and non-rigid immobilization, anterior screw fixation of the odontoid and posterior C1-C2 fusion) remains controversial and represents a unique challenge for the treating surgeon. The aims of treatment in the elderly is to quickly restore pre-injury function while decreasing morbidity and mortality associated with inactivity, immobilization with rigid collar and prolonged hospitalization. Conservative treatment of type II odontoid fractures is associated with relatively high rates of non-union and in a few cases delayed instability. Options for treatment of symptomatic non-unions include surgical fixation or prolonged rigid immobilization. In this report we present the case of a 73-year-old woman with post-traumatic odontoid nonunion successfully treated with Teriparatide systemic anabolic therapy. Complete fusion and resolution of the symptoms was achieved 12 wk after the onset of the treatment. Several animal and clinical studies have confirmed the potential role of Teriparatide in enhancing fracture healing. Our case suggests that Teriparatide may have a role in improving fusion rates of C2 fractures in elderly patients.
Abstract
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INTRODUCTION
Odontoid fractures comprise 5% to 15% of all cervical spine fractures and represent the most common cervical spine injury in elderly patients (> 65-year-old) [1, 2] . Type II fractures (i.e., a fracture through the base of the dens, below the transverse ligament) account for the majority of cases (67%). Odontoid fractures in the elderly are a potentially life threatening injury. Acute respiratory arrest and spinal cord injury have been described following fracture displacement. More commonly, patients present with acute neck pain and occasional occipital neuropathic pain. Reduced mobility, chronic pain, and the presence of multiple medical comorbidities often lead to a progressive decline of the health status and excess mortality in elderly patients. In a retrospective review, mortality risk at 1 year following a cervical fracture in patients > 65 years of age was 28% [3] . There is a lack of agreement regarding the optimal treatment of odontoid fractures in the elderly. The aim of treatment is to stabilize the fracture to prevent neurological damage and allow early and safe mobilization. Treatment options include conservative management (i.e., hard collar and Halo vest immobilization) or surgical fixation. Surgery provides the advantage of early mobilization and higher fusion rates. However, it is also associated with high complication rates and perioperative morbidity [4] . Conservative management is a safer option but is associated with higher risk of delayed union or non-union (77%) and increased morbidity due to prolonged immobilization [5] . Factors determining the poor healing potential of odontoid fractures in the elderly are poorly understood.
Known factors associated with higher risk of nonunion include age > 50, displacement greater than 6 mm, posterior displacement, angulation of the fragments, and smoking [6, 7] . The role of segmental osteoporosis and poor osteoblastic response is less clearly defined but is commonly perceived as a potentially important factor in determining facture healing potential. Teriparatide (i.e., rhPTH1-34) is the recombinant form of the biologically active component of the human parathyroid hormone. It is a novel anabolic drug therapy for osteoporosis which has also been shown to stimulate osteoblasts and enhance fracture healing in vivo. The aim of this study is to report our experience with the use of rhPTH1-34 in the treatment of a non-union type II dens fracture in an elderly patient.
CASE REPORT
A 73-year-old woman was transferred to our emergency department following a road traffic accident. The patient was a restrained passenger of a car, the driver lost the control of the vehicle and the car fell into a ditch at the side of the road. The patient lost consciousness at the impact but was found alert and oriented at the time of the arrival of the ambulance. Patient observations were stable and there were no signs of other bone injuries. Patient had no neurological deficits and cranial nerves were intact. Past medical history of the patient included acute glaucoma and visual impairment.
A routine trauma series CT-scan was performed and showed a type II odontoid fracture with anterior displacement (Figure 1 ). Patient was referred to our spinal unit and, after appropriate counselling, elected a non-operative treatment. Cervical spine was stabilized with a Philadelphia collar and patient was discharged home 3 d after the injury. The first outpatient clinic appointment was booked at 2 wk after discharge and patient was seen at regular intervals thereafter. Six months following the injury the patient was still complaining of significant axial neck pain requiring regular pain killer. An interval computed tomography (CT) scan at 6 mo after the injury revealed a non-union at the fracture site, distance between fracture fragments was 4 mm and there was evidence of sclerotic bone margins at the level of the fracture (Figure 2 ). Surgical options were discussed with the patient at this stage, but she again refused any surgical intervention.
Patient was maintained in rigid collar and was offered off-label therapy with daily subcutaneous injections of Teriparatide (rhPTH1-34) 20 μg/d which she accepted. This is the same regime used for treatment of osteoporosis in post-menopausal women. The anabolic treatment with Teraparatide was monitored through periodic examinations and regular measurements of serum levels of calcium, phosphorus, vitamin D, parathyroid hormone and alkaline phosphatase.
Forty-five days after starting Teriparatide treatment, an interval CT scan showed an initial phase of callus formation at the fracture site with partial closure of the fracture gap. Anabolic therapy was continued for 3 mo, at the end of the treatment a final CT scan confirmed a complete consolidation of the fracture (Figure 3 ). Flexion/extension X-rays of the cervical spine showed no residual instability, and axial neck pain had resolved as well. Mean Visual Analogic Scale score at the end of the treatment was 3 (from a baseline value of 8), whilst SF-12P score was 45.1 and the SF-12M score was 58 (from baseline values of 29.4 for SF-12P and 28.7 for SF-12M). The Neck Disability Index decreased from 70% to 15% at the time of last follow-up. No side effects related to the use of Teriparatide were noted in our patient.
DISCUSSION
The number of elderly patients is growing rapidly in western countries and worldwide. By 2025, one fifth of the world population will be over the age of 65 and the number of osteoporotic and fragility fractures are expected to rise accordingly. Odontoid fractures are common in elderly patients, and treatment remains controversial. Although modern surgical techniques (i.e., C1-C2 transarticular and C1-C2 polyaxial screw fixation) allow significantly higher fusion rates (83%-100%) than traditional techniques, they remain technically demanding and are associated with a sizable perioperative complication rate [8] [9] [10] . Reported fusion rate for conservative management varies from 23% to 46% [7, 11] . It is safer than surgery in the short term, but associated with prolonged immobilization and reduced mobility. Cranial, pulmonary and cardiac complications have all been reported in patients treated with rigid immobilization. Furthermore, the development of a fibrous non-union is a common finding in patients treated conservatively. Although achievement of a stable fibrous non-union is regarded as an acceptable outcome in elderly patients by some authors, there are cases described of late onset cervical myelopathy in patients with non-union of the odontoid process [12] . Teriparatide (rhPTH1-34) is a novel Food and Drug Administration (FDA) approved drug for treatment of post-menopausal osteoporosis. Teriparatide is a recombinant form of the N-terminal 1-34 fragment of the human parathyroid hormone (PTH). In humans, PTH regulates blood calcium levels by controlling renal calcium reabsorption and release of calcium from the skeleton. As such, continuous high levels of PTH determine progressive bone demineralization and systemic osteoporosis. Interestingly, the intermittent administration of PTH has opposite effects on bone metabolism and stimulates new bone formation (i.e., anabolic action) [13] . Teriparatide is the only currently available drug with anabolic effect on bone metabolisms. It is FDA approved for use in patients with severe postmenopausal osteoporosis (i.e., in women with a history of osteoporotic fractures or who are not responsive to other osteoporosis therapies) and can be administered for a maximum of 24 mo.
Several studies have investigated the role of Teriparatide in accelerating fracture healing and nonunions. In 1999 and 2001, Andreassen et al [14, 15] reported the effects of systemic intermitted PTH treatment in a rat model of fracture healing. Treated animals showed increased fracture strength and callus volume at 8 wk after treatment. In 2010, similar findings were published by Mognetti et al [16] [17] in a rat model.
The authors showed that 49 d after discontinuing anabolic treatment, treated animals were still showing a continuous increase of bone mineral density and torsional strength [17] . The anabolic effect of Teraparatide administration has also been confirmed in animal models of delayed bone healing [18] . The effects of Teriparatide on human fracture healing have been investigated by several authors with contrasting results. In the only Level I study on this topic, Aspenberg et al [19] have studied a cohort of 102 post-menopausal patients with distal radius fractures treated conservatively. Median time to radiographic healing was 9.1 wk in the control group, and 7.4 and 8.8 wk in the groups treated with 20 μg and 40 μg of Teriparatide, respectively. The differences between the groups were not statistically significant [19] . Opposite results have been reported by Peichl et al [20] in a series of 65 post-menopausal women with pubic bone fracture treated with the 1-84 form of PTH. The median healing time was 7.8 wk for the treatment group vs 12.6 wk for the control group [20] . The only available data on the effects of anabolic treatment on spinal fractures healing have been reported by Bukata et al [21] in 2010. The authors studied a cohort of 145 patients with spinal or appendicular skeleton fractures. Fracture healing rate was 93% at 12 wk after treatment with Teriparatide.
To the best of our knowledge, no study has systematically investigated the role of Teriparatide in cervical spine fractures. The only available study on this topic is a case report by Rubery et al [22] published in 2010.
The authors reported on 3 patients with painful delayed unions of type III odontoid fractures. All 3 patients were started on therapeutic doses of Teriparatide and experienced complete resolution of their symptoms and complete union [22] . In this study, we report the case of a painful delayed union of a type II odontoid fracture. Our patient presented with persistent pain and failed conservative treatment of the fracture. Teriparatide treatment was started 6 mo after the index injury and a complete fusion with resolution of the symptoms was observed 12 wk after the onset of the therapy.
The nature of our study does not allow a generalization of our results. It is impossible to know whether our patient would have developed a non-painful fibrous non-union at a later follow-up. Also, complete bone union can be observed as long as 9-12 mo after the index injury. Nevertheless, we think our case report raises an important point in the management of this very common injury in elderly patients. Teriparatide may represent a useful adjunct to the armamentarium of the clinician for treatment of painful cervical nonunions in frail elderly patients. We believe that a prospective study on the effects of anabolic therapy in type II odontoid fractures could have a profound impact on the management and outcomes of frail elderly patients.
We described a case of a painful non-union of type II odontoid fracture in an elderly patient treated conservatively. Due to no improvement in her symptoms and no progress of radiological union we offered our patient systemic treatment with rhPTH1-34 (Teriparatide) for 3 mo. At the end of the treatment a stable union of the fracture was achieved with complete resolution of the pain. Our report suggests that Teriparatide may have a role in enhancement of fracture healing in elderly patients with odontoid fractures.
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Case characteristics
A 73-year-old woman with type II odontoid fracture. Treated conservatively with Philadelphia collar. Patient presented at 6 mo with ongoing mechanical neck pain with no neurological deficits.
Clinical diagnosis
Painful non-union of type II odontoid fracture.
Differential diagnosis
Delayed union of type II odontoid fracture can present with similar symptoms. Displacement of the fragments can also determine delayed compression on the spinal cord with myelopathy symptoms.
Imaging diagnosis
Cervical CT-scan showing a transverse fracture line of the odontoid process below the transverse ligament. There was minimal fracture displacement with fragments osteoporosis and sclerotic bony margins (non-union).
Treatment
Rigid external immobilization with cervical collar (Philadelphia) and systemic anabolic therapy with Teriparatide (20 μg/die) for 12 wk.
Related reports
Painful non-union is common after conservative treatment of type II odontoid fractures in elderly patients. Treatment options involve delayed surgical stabilization and fusion or conservative treatment with analgesia and external rigid immobilization. Stability must be assessed with flexion/extension X-rays to prevent delayed cervical myelopathy.
Experiences and lessons
Systemic Teriparatide therapy can be a valuable alternative approach to surgical fixation and fusion in symptomatic non-unions of the odontoid process. Teriparatide use for fracture healing enhancement is non Food and Drug Administration approved and must be considered "off label".
Peer-review
Authors report the treatment of a relatively common disease (a type II odontoid
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